Every year, acute lymphoblastic leukaemia (ALL) affects about 400 children aged o15 years in France,
1 accounting for approximately 80% of the acute leukaemia (AL) cases. The heterogeneity of cell types is reflected in the heterogeneity of clinical presentation, prognosis and, possibly, risk factors. In addition to Down's syndrome, a few inheritable predisposing diseases and high-dose ionizing radiations increase the risk of ALL. Some environmental, infectious and genetic factors 2 are consistently suspected. The first ALL genome-wide association studies (GWAS) reported clear associations between ALL and single-nucleotide polymorphisms (SNPs) flanking the Ikaros family zinc finger 1 gene (IKZF1) in 7p12.2 (rs6964823, rs4132601, rs6944602 (ref. 3) or rs11978267 (ref. 4) ), and the AT-rich interactive domain 5b gene (ARID5B) in 10q21.2 (rs7073837, rs10740055, rs7089424, 3 or rs10821936, rs10994982 (ref. 4) . The latter association was more pronounced for hyperdiploid ALL in both GWAS. In the UK study, the SNP rs2239633 in the CCAAT/enhancer-binding protein epsilon gene (CEBPE) was also associated with ALL. Sherbone et al. 5 analysed a subset of 34 SNPs selected in the UK GWAS 3 and reported an association with rs3731217 in the cyclin-dependent kinase inhibitor 2A (CDKN2A) gene. In addition, in a recent GWAS, four additional SNPs were associated with TEL-AML1-positive ALL (rs17505102 (TP63), rs1945213 (OR8U8), rs920590 (INTS10) and rs3942852 (PTPRJ)), 6 requiring further investigation. We report the results of a GWAS conducted on the ALL cases from the ESCALE (Etude Sur les Cancers et les Leucé mies de l'Enfant) nationwide registry-based study and generic controls. In addition, the SNPs associated with AL in the previous GWAS were considered in the ESCALE case-control study.
The ESCALE study has been previously described in detail. 7 Briefly, the ALL cases were aged o15 years and identified in Data from the Australian 'Aus-ALL' consortium, which consisted of 390 ALL (349 B-cell, 35 T-cell and 6 unspecified ALL) and 1202 population controls of Caucasian ancestry (assessed by IBS clustering), were used for replication of new observations. They had been genotyped using the same Illumina beadchip (Illumina 610 K-Quad for the controls and 141 cases, Illumina 370 K-Quad for 175 cases and Illumina 370 K-Duo for 74 cases) and quality criteria as in the present study (unpublished data).
In addition, the untyped SNPs rs10994982, rs10821936, rs10821938 in ARID5B, rs11978267 in IKZF1, rs1945213 in OR8U8, rs920590 in INTS10 and rs3942852 in PTPRJ were imputed with Impute V2, taking as references the CEU subjects of the 1000 Genomes (August 2009 on NCBI B36) and HapMap (August 2010, Letters to the Editor Phases I þ II þ III release #28 on NCBI B36 (dbSNP b126)) Projects. The post-imputation quality criteria Info and Certainty were 40.96 and 40.98, respectively. Overall, in ESCALE, parents of successfully genotyped ALL cases were slightly less educated and significantly less likely to have a qualified job than the other ALL cases, whereas it was the reverse among controls (Supplementary Table B) .
The GWAS analysis was performed using the PLINK v1.07 software (http://pngu.mgh.harvard.edu/purcell/plink/), 9 with common alleles as reference. Allelic odds ratios (OR) and 95% confidence interval (CI) were estimated using unconditional logistic regression, adjusted for the first seven principal components used for European descent definition. Overall, the inflation factor l was 1.01, showing no indication of population stratification (Supplementary Figure 1) . Four SNPs, located in ARID5B (rs7073837, rs10740055, rs7089424) and flanking IKZF1 (rs4132601), were associated with ALL status at significance level o5 Â 10 À 7 (Table 1) . Two additional SNPs were associated with ALL at significance levels between 5 Â 10 À 7 and 10 À 5 , rs930372 in ANKRD44 (ankyrin repeat domain 44, 2q33.1), a subunit of protein phosphatase 6 required for normal mitosis, 10 and rs12162384, flanking SLC16A14 (solute carrier family 16, member 14, 2q36.3). The associations with SLC16A14 and ANKRD44 were not replicated in the data from the Aus-ALL GWA sample (OR ¼ 1.08 (0.84-1.39) and OR ¼ 0.95 (0.62-1.44), respectively). The associations with ARID5B SNPs were slightly more marked in females than in males (Supplementary Table C) , which does not support the male-specific effect suggested by Healy et al. 11 At a significance level between 10 À 5 and 10 À 4 , 25 additional SNPs were associated with ALL (Supplementary  Table D) , including a SNP located in TAL1, which is involved in the oncogenesis of T-cell ALL. Table 2 presents the associations between ALL and the candidate polymorphisms in IKZF1, ARID5B, CEBPE, CDKN2A, OR8U8, INTS10 and PTPRJ. Positive associations were observed with genotyped and imputed SNPs in ARID5B and IKZF1. IKZF1 is known to be associated with survival in childhood AL, 12 and selection of surviving case might have biased our results. However, even in the extreme situation in which all of the 19 ineligible ALL cases who had died or were receiving palliative care were classed homozygous wild type for rs4132601, the OR would have been very similar (1.5 (1.3-1.8)). We observed significant associations with rs3731217 in CDKN2A and with rs10143875 and rs2239633 in CEBPE. The associations with ARID5B SNPs were stronger for common B-cell ALL, although not significantly heterogeneous across subgroups. TEL-AML1-positive ALL was not associated with the SNPs rs1945213 in OR8U8, rs920590 in INTS10 and rs3942852 in PTPRJ. The results were similar when individual call rates for ESCALE controls were set to 97 or 98%. The associations based on the ESCALE controls were very similar to those based on the generic controls (Supplementary Table E) , and were not modified after adjustment for parental professional category and for the environmental, lifestyle or infectious factors associated with AL in the present study.
The positive relationships between common B-cell ALL subtypes and ARID5B SNPs were observed for all the categories of ploidy but were slightly stronger for the high-hyperdiploid subgroup (Supplementary Table F) . Although based on small numbers, the associations tended to be weaker for ALL with moderate hyperdiploidy TEL-AML1-positive (Supplementary Table G ). The associations with IKZF1 SNPs were more marked for ALL with hyperdiploidy (Supplementary Table F) , and were the lowest for ALL with pseudo-diploidy TEL-AML1-negative (Supplementary Table G) . Haplotypes were inferred using the Expectation-Maximization algorithm (PLINK), and posterior haplotype probabilities were used as weights in the logistic models. The strongest associations were observed for the haplotypes of ARID5B including the variant alleles (G) of rs7089424 and (C) of rs10740055 (Supplementary Table H) , for the haplotypes of IKZF1 including the variant allele (G) of rs4132601, for the haplotype including the A allele of rs2811709 ofCDKN2A and for the haplotype involving the variant allele T of rs10143875 and both common alleles of rs2239633 and rs3759608 of CEBPE.
The OR estimated for the ARID5B, IKZF1, CEBPE and SLC16A14 genotypes supported the co-dominant coding used for the estimation of allelic ORs (Supplementary Table I ). The strongest association was observed for the polymorphism combining the homozygous variant genotype of the ARID5B rs10740055 and rs7089424s, with less than multiplicative joint effects (OR ¼ 4.0 (2.7-5.8)).
In conclusion, our GWAS shows clear associations with SNPs in ARID5B and IKZF1 irrespective of ploidy or TEL-AML1 status. We also provide additional evidence that CEBPE and CDKN2A could be involved in childhood leukaemia. The new associations we observed with ALL were not replicated in data from the Australian consortium, and we did not observe the associations pointed out recently with SNPs in OR8U8, INTS10 and PTPRJ in TEL-AML1-positive ALL.
